1. Adherence to a Mediterranean diet is associated with reduced platelet and leukocyte counts 2. The observed associations are partially explained by the high dietary fibre and antioxidant content of the Mediterranean diet Abstract Platelet (PLT) and white blood cell (WBC) counts are two markers of inflammation and have been linked to the risk for cerebrovascular and coronary heart disease, while a Mediterranean diet (MD) has been associated with reduced inflammation and mortality for major chronic diseases. We aimed at evaluating the association of a MD with PLT and WBC count.
INTRODUCTION
Increased platelet (PLT) and white blood cell (WBC) counts have been recognized as possible markers of inflammation and of greater risk for cerebrovascular and coronary heart disease. In particular, PLT count has been associated with vascular 1 and non-vascular death, including cancer 2 .
WBC count is a predictor of fatal and non fatal ischemic vascular disease independent of other traditional CVD risk factors 3, 4 and is a broadly used marker of systemic inflammation 5 .
Conversely, a Mediterranean dietary pattern has been associated with a reduction of low-grade inflammation 6 and mortality for cardiovascular and neurodegenerative diseases 7 . The
Mediterranean diet (MD) is an eating pattern typical of the Mediterranean basin and is characterized by a wide consumption of plant foods, cereals, legumes, fish, olive oil as main fat source and moderate (red) wine consumption 8 .
The beneficial effects of MD on health have been ascribed to its high content of antioxidants, fibre, monounsaturated and polyunsaturated fatty acids (PUFA) 9 . In particular, antioxidants and polyphenols have been shown to exert a positive role against ischemic vascular disease mainly due to their anti-inflammatory properties 10, 11 .
Dietary fibre intake was associated with benefits for cardiovascular health and reduced risk of cardiovascular mortality 12, 13 ; similarly a balanced ratio of omega-6 and omega-3 essential fatty acids has been suggested to yield favourable effects on cardio and cerebrovascular health 14 .
The aim of this study was to investigate the association of a Mediterranean diet with PLT or WBC counts based on the hypothesis that a diet rich in healthy compounds could favourably influence these two cellular biomarkers of low-grade inflammation in subjects without any overt chronic or haematological disease.
As adherence to the Mediterranean diet and both cell counts appeared to be inversely associated, we tested the possible role played by food antioxidant content (FAC), dietary fibre and PUFA's intake in accounting for the observed relationship. For the present study, individuals from the Moli-sani cohort reporting at baseline a personal history of cardiovascular disease (angina, myocardial infarction, heart failure, revascularization procedures and stroke; 6.0%) , cancer (3.1%), those for whom there were no data on platelet (2.7%), white blood cells count (2.7%), unreliable dietary or medical questionnaires (3.9% and 1%), missing values for the FAC score (3.5%), those reporting hepatitis B or C or an haematological disease (2.9% and 2.2% respectively) and individuals recruited at the site of Termoli (due to a different cell counter used; n=5,107; 21.0%) were excluded from the analysis. The final sample was of 14, 586 individuals. Comparison between the whole Moli-sani cohort (n = 24,325) and the analysed sample showed homogeneity for sex, PLT and WBC counts, and for both the dietary scores (all p values >0.05) but the sample was slightly younger (54.2 ±11.5 vs 55.8±12; p < 0.0001).
The Moli-sani study was approved by the Ethics Committee of the Catholic University of Rome.
All participants signed the informed consent before taking part in the study. This study was conducted in accordance with the Declaration of Helsinki.
Dietary information
Food intake was determined by the validated Italian version of the "European project investigation into cancer and nutrition" (EPIC) food frequency questionnaire 16, 17 . The questionnaire, computerized with tailor-made software, allowed to interview participants in an interactive way, including illustrations of sample dishes of definite sizes or by reference to standard portion sizes. To simplify interpretation of data and to minimize within-person variations in intakes of individual foods, 188 food items were classified into 45 predefined food groups on the basis of similar nutrient characteristics or culinary usage.
We evaluated the adherence to the Mediterranean diet by using the Mediterranean Diet Score (MDS) developed by Trichopoulou et al 18 . Briefly, scoring was calculated in a population free from cardiovascular disease, cancer or diabetes and was based on the intake of the following 9 items: vegetables, legumes, fruit and nuts, dairy products, cereals, meat and meat products, fish, alcohol, and monounsaturated to saturated fats ratio. For most items, consumption above the study median received 1 point; all other intakes received 0 points. For dairy products, meat and meat products, consumption below the median received 1 point. Medians were gender specific. For ethanol, men who consumed 10-50 gr/day and women who consumed 5-25 gr/day received 1 point; otherwise, the score was 0. The possible scores ranged between 0 and 9, the latter reflecting the maximal adherence to MD.
In addition, we used the Italian Mediterranean Index (IMI), recently proposed to better capture some healthy foods, as pasta, more typically consumed in Italy 19 . This IMI score was based on the intake of 11 items: high intake of 6 typical Mediterranean foods (pasta; typical Mediterranean vegetables such as raw tomatoes, leafy vegetables, onion and garlic, salad, and fruiting vegetables; fruit; legumes; olive oil; and fish); low intake of 4 non-Mediterranean foods (soft drinks, butter, red meat, and potatoes); and alcohol consumption. If consumption of typical Mediterranean foods was in the 3rd tertile of the distribution, the person received 1 point; all other intakes received 0 points.
If consumption of non-Mediterranean foods was in the first tertile of the distribution, the person received 1 point. Ethanol received 1 point for intake up to 12 gr/day; abstainers and persons who consumed >12 gr/day received 0 points. Possible scores ranged from 0 to 11, the latter reflecting the maximal adherence to MD 19 .
Total food antioxidant content (FAC) score was used to measure the antioxidant content of diet, as previously described 20 . Briefly, the content in antioxidant vitamins and phytochemicals of each food group was derived by using the food composition tables from the Italian Istituto Nazionale di For women, low CVD risk was set at <3% whereas the high risk group was defined as CVD risk By using multivariable logistic regression analysis, odds ratios (OR) with corresponding 95% confidence intervals were calculated to quantify the association of PLT or WBC categories with adherence to a Mediterranean eating pattern (Tables 4a and 4b ). Four categories of adherence to MD were considered, ranging from low (0-2 points, both for MDS and IMI) to high (≥7 points for MDS and ≥ 6 points for IMI) adherence. An ordinal logistic regression model was used to test whether the impact of diet could be influenced by the cut-off used in defining PLT or WBC groups.
Since the assumption of proportional odds failed (p<0.0001 for each test), we analyzed data by using two logistic regression models, one contrasting high PLT (WBC) versus the other group containing normal and low PLT (WBC), and the other contrasting low PLT (WBC) versus the other group containing normal and high PLT (WBC).FAC and dietary fibre were considered either as continuous variables or quartiles.
Both for linear and logistic regression analysis, covariates included in the models were age, sex, BMI, total energy intake, total physical activity, education, smoking, hyperglycaemia, high BP, hypercholesterolemia and C-reactive protein.
Further adjustments for FAC and dietary fibre were considered for testing the role of these compounds in explaining the association among PLT, WBC
and Mediterranean diet.
The data analysis was generated using SAS/STAT software, Version 9.1.3 of the SAS System for Windows©2009. SAS Institute Inc. and SAS are registered trademarks of SAS Institute Inc., Cary, NC, USA. Table 1 shows the main characteristics of the population sample according to levels of PLT or WBC counts. Subjects in the high PLT group were younger and reported higher prevalence of hypercholesterolemia and increased CRP levels compared to those in the normal or low PLT count categories. Individuals in the high WBC category were mainly men, younger, smokers, had a higher BMI and CRP levels, and showed higher prevalence of high BP, hyperglycaemia and Table 3 ). Further adjustment for CRP did modify the association neither for PLT nor WBC count (multivariable model 3, Table 3 ).
RESULTS
Additional adjustments for FAC and fibre intake simultaneously were performed in order to account for the observed associations between PLT or WBC and adherence to the MD. The inclusion of these two dietary components in the multivariable models slightly reduced the association between PLT count and adherence to the Mediterranean diet (Table 3) , while the relationship between WBC and MDS was reduced and no longer statistically significant (Table 3) .
On the contrary, further adjustment for the omega-6 (linoleic acid) to omega-3 (linolenic acid) fatty acids ratio did not modify the association of adherence to the Mediterranean diet neither with PLT nor with WBC count (data not shown).
Multivariable logistic regression analysis was used to test the odds of being in the low or high category of WBC or PLT counts according to levels of adherence to a Mediterranean dietary pattern. Subjects with very high adherence to MD reported significantly lower odds of being in the high PLT count group compared to individuals with poor adherence (OR=0.50; 95%CI: 0.31-0.80 and OR= 0.73; 95%CI: 0.52-1.02 for MDS and IMI respectively; Tab4a). The associations were partially explained by FAC and dietary fibre intake when the Mediterranean diet was measured according to IMI, since the strength of the association was reduced or was no longer statistically significant.
No significant relationship was found for the odds of being in the low PLT count groups (Tab 4a).
Concerning WBC count, a very good adherence to MD was significantly associated with increased chances of being in the bottom WBC count group (Table 4b ) and the associations resulted to be fairly explained by FAC and dietary fibre intake, especially when adherence to MD was measured by the MDS (Table 4b ). No significant relationship was found regarding the association between adherence to the Mediterranean diet and the high WBC group.
NLR was significantly and inversely associated with adherence to the Mediterranean diet (p=0.0010 and p<0.0001 for MDS and IMI respectively). In addition, leukocytes subgroups analysis showed an inverse relationship between adherence to MD and either granulocyte (p=0.17 and p=0.0001 for MDS and IMI respectively) or monocyte count (p<0.0001 for both MDS and IMI respectively) and a positive link with lymphocyte count (p<0.0001 for both dietary scores).
The association of WBC count with MDS (but not with IMI) disappeared when further adjusted for PLT count (β= -0.009 and p=0.22 in the multivariate model including C-reactive protein). On the contrary, the associations of PLT count with both dietary scores remained significant after further controlling for WBC count.
Mean PLT count increased with increasing predicted CVD risk in men: low CVD risk group: 236.5±54.7; medium: 239.6±57.1 and high: 247.1±58.7 (p for trend=0.027 in multivariable analysis of variance). In women, we failed to observe any difference in PLT count within the predicted CVD risk groups.
Regarding WBC, we found a clear association with estimated CVD risk in men (low CVD risk group: 5.88±1.43; medium: 6.79±2.02 and high: 7.59±1.71; p for trend <0.0001 in multivariable analysis of variance). The same trend was observed for women (p<0.0001).
DISCUSSION
Recent studies have suggested a significant relationship between the type of diet and chronic low- For personal use only. on October 31, 2017. by guest www.bloodjournal.org From Biological plausibility of the observed associations may rely on the close relationship existing between oxidative stress and chronic low-grade inflammation (increased C-reactive protein, WBC, PLT, etc.) 41 . Considering that the high antioxidant and fibre content of the Mediterranean diet has been linked to reduced oxidative stress 421, 43 , it is likely that the antioxidant properties of the Mediterranean diet may contribute to the reduction of subclinical inflammation by reducing the number of leukocytes and platelets. It has been suggested that the change in the hematology pattern (lower inflammatory blood cells count) observed after supplementation of a Mediterranean-type diet to Swedish subjects could be linked both to a lower inflammatory activity or to a consistent decrease in vaso-regulation and in the vascular endothelial growth factor (VEGF) concentrations requiring reduced endothelial cell repair processes 43 . Previous studies have shown that antioxidants are related to the inhibition of VEGF release 44 and to lower inflammation 11 . This may explain a possible role of these healthy compounds in modulating the number of PLT or WBC in response to a low-grade chronic inflammatory status.
However, the dietary antioxidant and fibre content only partially explain the observed associations.
This leads to confirm the assumption that the diet as a whole, not a single food item, is responsible for the beneficial health outcomes reportedly documented 45 .
To our knowledge, this is the first large epidemiological study considering the traditional Mediterranean diet as a possible determinant of the number of PLT and WBC in an adult healthy population.
The observed association between higher adherence to a Mediterraneanpattern and lower PLT or WBC counts suggests that this dietary pattern may contribute to reducing two important cellular biomarkers of chronic low-grade inflammation. This beneficial effect can be partly ascribed to its pivotal components as food antioxidants and dietary fibre.
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Limitations of this study
A major limitation of this study is its cross-sectional nature which cannot allow the inference of possible causality. Caution is also needed in extending the results presented here to larger population contexts. since data were collected in a region located between Central and Southern Italy, Mediterranean by tradition and culture 15 . Yet, the main characteristics of our population sample are comparable to those of the Italian Cardiovascular Epidemiological Observatory 46 : our sample could therefore be considered representative at least of the Italian population 26 .
The possibility of residual confounding cannot be entirely excluded, although our analyses have been adjusted for a very large panel of potential confounders.
In addition, we cannot estimate the real improvement, in terms of reduction of the risk of major clinical outcomes, that could be ascribed to the relatively small difference in mean PLT observed between the lowest and highest group of adherence to MD.
However, we should recognize that, at least in men, the changes in PLT count within the low and the high categories of adherence to a Mediterranean diet are comparable to those observed within the low and the high predicted cardiovascular risk groups.
Since the Mediterranean diet has been related to reduced mortality 7 we might speculate that this effect could be partly explained by the association of this dietary pattern with lower platelet and white blood cell count. However, we cannot exclude that lower platelets and leukocytes could be Means and p for trend value adjusted for age and sex.
All the analyses with platelets were further controlled for haematocrit.
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